The processing of infant faces may be somewhat distinct from that of adult 2 faces. Indeed, recent neuroimaging studies have provided evidence of an 3 early, "baby-specific" neural response whereby infant faces are perceived 4 more rapidly than adult faces. Using event-related potentials, the present 5 study aimed to determine whether the preferential response to infant faces is 6 present at both early and late stages of face processing, and to investigate 7 the effects of aesthetic appearance on the processing of adult and infant 8 faces by directly manipulating the perceived attractiveness or cuteness within 9 a given face identity. Here, we find evidence for enhanced processing of 10 infant faces, relative to adult faces, at both early (N170, P2) and late (LPC) 11 stages of face processing. We also find that the aesthetic appearance of both 12 infant and adult faces modulates early neural responses, with enhanced 13 responses to less attractive/cute faces as compared to more attractive/cute 14 faces. Overall, our results provide additional evidence for a preferential 15 response to infant faces at early stages of processing, and provide new 16 evidence that this preferential response occurs at later stages of face 17 processing as well, independent of the aesthetic quality of the face or 18 observer sex. 
Introduction 26
Given the importance of parental care for the survival of human infants, and 27 the fact that infant facial morphology differs from that of adults (Bergersen, 28 1966; Enlow & Hans, 1996) , the processing of infant faces may be somewhat 29 Sternglanz et al., 1977) . 44
These infantile features are thought to trigger the Kindchenschema (Lorenz, 45 1943) , an innate releasing mechanism for caretaking behavior and affective 46 orientation towards infants (e.g., Langlois et al., 1995) . (mean weekly contact = 1.0 hours, SD = 1.8). Handedness was assessed 159 using the Edinburgh handedness questionnaire (EHQ; Oldfield, 1971) . Two 160 participants (1 male, 1 female) reporting left-hand dominance were excluded 161 from subsequent analyses. The final analyses reported here included 13 162 heterosexual men and 13 heterosexual women, all of whom were right-163 handed and none of whom had children. 164
165

Stimuli 166
Following previous methodology , 35 male, 35 female, and 167 35 infant composite faces were created by averaging the shape, color, and 168 texture cues of two individual faces (see Tiddeman et al., 2001 for more 169 information regarding these computer graphic techniques). Attractiveness 170 (adult faces) and cuteness (infant faces) prototypes that had been previously 171 manufactured (see Hahn et al., 2013) were then used to modify the 2D linear 172 shape of the facial composites by applying a transform based on a proportion 173 of the difference in shape between the high-attractive/cute and low-174 attractive/cute prototypes to each face in order to manipulate the aesthetic9 appearance within a given identity. Each composite face was transformed -176 50% in attractiveness/cuteness (based on shape cues alone) to create the 177 low-aesthetic version and +50% attractiveness/cuteness to create the high-178 aesthetic version (see Figure 1) . 179
180
To ensure that the transforms reliably affected perceived 181 attractiveness/cuteness, the stimuli were evaluated by 98 heterosexual raters 182 (27 male, 71 female; mean age = 23.3 years, SD = 6.5) in a 2-alternative 183 forced choice paradigm. Raters saw the high-and low-aesthetic version of 184 each face and were asked to indicate which face they thought was more 185 attractive (adult faces) or cute (infant faces). Male, female, and infant faces 186 were presented in separate blocks. The order in which the stimuli groups and 187 composite faces within each group were presented was randomized across 188 During EEG recording, participants were seated in a dimly lit room. They were 214 instructed to fixate on a cross in the center of the screen and minimize eye or 215 body movements during the recording period. EEG data were collected over 216 two sets of two blocks. Within a block, each of the 105 composite identities 217 was presented in either the high-aesthetic or low-aesthetic version. The 218 alternate version of the face was then presented in the subsequent block such 219 that each identity was only displayed once per block. The two sets contained 220 identical blocks, however the selection of high-vs. low-aesthetic faces 221 allocated into the first and second block was randomized between sets (total 222 of 105 trials per block x 2 blocks per set x 2 sets = 420 trials). Each trial 223 began with the presentation of a red fixation cross at the center of a gray 224 background (rgb: 128, 128, 128). A face was then displayed in the center of 225 the screen for 1000ms, after which time a rating task was presented whereby 226 participants were asked to rate the attractiveness (adult faces) or cuteness 227 We then manually inspected spatial and temporal properties of the 244 components and removed those that clearly captured artifacts such as eye 245 blinks, eye movement and muscle artifacts. Epochs time locked to the onset 246 of the face stimuli were extracted from the cleaned data using a time window 247 of -100ms to 800ms. Trials were automatically classified as containing an 248 artifact if they had a peak voltage that exceeded 100 uV, a peak to peak 249 voltage greater than 100 uV within a 100ms moving window, or a sample to We selected channels at which ERP components showed the greatest 260 amplitude. The sites selected for focused analysis were consistent with 261 previous research for each of the four components. For the P1, N170 and P2 262 components, we measured amplitude and latency of the peak response. 550-600ms, 600-650ms, 650-700ms). ERP data for the P1, N170, and P2 267 components were subjected to multifactorial repeated-measures ANOVAs 268
with hemisphere (left, right), face type (infant, same-sex, opposite-sex) and 269 aesthetic (high-attractiveness/cuteness, low-attractiveness/cuteness) as 270 within-subject factors and participant sex (male, female) as a between-subject 271 factor. A similar analysis was conducted for the LPC component, using a 272 model in which hemisphere was not included; instead, data from electrodes 273
POz and Pz were averaged for the analysis. All statistical analyses were 274 performed in SPSS version 20.0. 275
Results 277
Because there is evidence of an opposite-sex bias in face processing among 278 heterosexual individuals (e.g., Proverbio et al., 2010b) , the sex of the adult 279 facial stimuli was coded relative to the participant (i.e., same-sex or opposite-280 sex) for all analyses reported here. 281
282
Behavioral Data 283
For the attractiveness/cuteness ratings, a 3x2x2 mixed design ANOVA was 284 conducted in which face type (infant, same-sex, opposite-sex) and aesthetic 285 (high, low) were within-subject factors and participant sex (male, female) was 286 a between-subject factor. While there was no main effect of face type 287 showed that men differentiated less than women did (t(24) = -2.14, p = .043, 307 mean difference = -0.10, SE mean difference = 0.05). 308
309
The two-way interaction between aesthetic and face type was also significant 310 (F (2,48) = 10.71, MSE = 0.01, p < .001, η 2 = 0.29). To explore this interaction 311 further, we calculated difference scores for each face type by subtracting the 312 average rating of the low-aesthetic versions from the average ratings of the 313 high-aesthetic versions. Paired t-tests, using a Bonferroni corrected alpha of 314 .017, of these difference scores revealed that the degree to which high-315 aesthetic versions were rated as more attractive/cute than low-aesthetic 316 versions was greater for opposite-sex faces than either infant faces (t(25) = 317 4.13, p < .001, mean opposite-sex difference score = 0.39, SD opposite-sex difference score = 318 0.23, mean infant difference score = 0.20, SD infant difference score = 0.15) or same-sex 319 faces (t(25) = 3.25, p = .003, mean same-sex difference score = 0.22, SD same-sex difference 320 score = 0.16). There was no difference in the aesthetic effect for ratings of 321 infant faces compared to same-sex faces (t(25) = -0.59, p = .56). 
335
P1 Amplitude 336
We observed a three-way interaction between hemisphere, face type, and 337 participant sex (F (2,48) = 3.73, MSE = 1.53, p = .031, η 2 = 0.13) for P1 338 amplitudes. We further explored this interaction by calculating the magnitude 339 of the right-hemisphere bias (i.e. peak amplitude at PO8 minus peak 340 amplitude at PO7) in response to infant faces, same-sex faces, and opposite-341 sex faces. Multivariate ANOVA indicated that the magnitude of the sex 342 difference in right-hemisphere bias (i.e. males > females) was largest for 343 opposite-sex adult faces (F (1,24) = 4.02, MSE = 13.28, p = .056, η 2 = 0.14), 344 followed by same-sex adult faces (F (1,24) = 3.00, MSE = 15.98, p = .096, η 2 345 = 0.11), and relatively unapparent for infant faces (F (1,24) = 0.57, MSE = 346 15.79, p = .459, η 2 = 0.02). There were no other significant effects or 347 interactions in our main analysis of P1 peak amplitudes (all F < 3.20, all p > 348 .086, all η 2 < 0.12). 349
350
P1 Latency 351
There were no modulatory effects of face type, aesthetic, or participant sex for 352 P1 peak latencies (all F < 3.47, all p > .075, all η 2 < 0.12). 
N170 Latency 369
There were no effects of face type, aesthetic, or participant sex for N170 peak 370 latencies (all Greenhouse-Geisser corrected F < 2.12, all p > .14, all η 2 < 371 0.08). 372 For each of the eight timeframes of the LPC, a 3x2x2 mixed design ANOVA 432 was conducted in which face type (infant, same-sex, opposite-sex) and 433 aesthetic (high, low) were within-subject factors and participant sex (male, 434 female) was a between-subject factor and peak amplitude served as the 435 dependent variable. As seen in Figure 4 , there was a consistent, significant 436 effect of face type at all LPC windows (all F(2,48) > 4.05, all MSE < 1.91, all p 437 < .024, all η 2 > 0.14) with the exception of 550-600ms and 600-650ms (both F 438 (2,48) < 1.03, both MSE > 1.86, both p > .36, both η 2 < 0.05). At 300-550ms 439 (i.e. the first 5 time windows), Helmert contrasts indicated that LPC peak 440 amplitudes were greater in response to infant faces than either opposite-sex 441 or same-sex adult faces (all p < .03), no significant differences between the 442 face types were observed for 550-650ms (both p > .22), and at the last time 443 window (650-700ms), infant faces elicited the lowest LPC amplitudes (p = 444 .02). Across all time windows, no differences were observed between 445 opposite-sex and same-sex adult faces (Helmert contrasts, all p > .08). The current study used an ERP design to investigate the neurophysiological 478 time course of responses to infant and adult faces with varying aesthetic 479 appearance. Using established computer graphic techniques, we directly 480 manipulated attractiveness or cuteness within a given face identity to explore 481 the time course of aesthetic processing in adult and infant faces, respectively. 482
Our behavioral data indicated that there was a perceptible difference in 483 attractiveness (adult faces) or cuteness (infant faces) of the stimuli between 484 the high-aesthetic and low-aesthetic versions. This difference was similarly 485 apparent in men and women for same-sex and infant faces, while the 486 aesthetic manipulation tended to have a greater effect on men's ratings of 487 opposite-sex faces than it did women's. That the degree to which high-488 aesthetic versions were rated as more attractive/cute than low-aesthetic 489 versions was greater for opposite-sex faces than either same-sex faces or 490 infant faces suggests that facial attractiveness may be particularly salient in 491 potential mates relative to other social groups (e.g., same-sex peers), and is 492 consistent with the commonly observed opposite-sex bias in face processing 493 (e.g., Proverbio et al., 2010b) and face preferences (e.g., Little & Jones 2003) . 494
495
Our first aim was to determine whether the preferential response to infant 496 faces previously observed at early processing stages is present at both early 497 and late stages of face processing. Our results demonstrate that both men 498 and women do, indeed, demonstrate enhanced neural responses to infant 499 faces, relative to adult faces, at both early and late stages of processing. 500
Enhanced responses to infant faces relative to adult faces (both same-and 501 opposite-sex) were observed at multiple ERP components, including the N170 502 data. Because modulation of alpha and beta activity by infant faces may not 513 be phase locked to stimulus onset, the early differences reported by 514
Kringelbach and colleagues (2008) may not be evident in our evoked 515 response data. Moreover, our, and most other ERP studies apply low pass 516 filters inconsistent with the analysis of higher frequency oscillatory 517 activity. These methodological differences may explain differences across 518 studies in terms of the earliest detectable "baby specific" response. Both the 519 current study and Proverbio (2011b), however, observed heightened 520 responses to infant faces at the N170 component. Overall, our results 521 demonstrate additional evidence for a "baby specific" early neural response. 522
This type of preferential processing at the early stages of face processing may 523 lead to increased attention and subsequent later processing (Barbeau et al.,  524 
2008). 525 526
We also extend these previous findings by demonstrating heightened 527 processing of infant faces, relative to adult faces, at later stages of processing 528 others have suggested, the LPC is sensitive to incentive salience, it is 585 possible that the image set used in our study did not contain faces that were 586 unattractive enough to influence their affective value. As such, although subtle 587 differences in attractiveness were detected, they did not influence the value or 588 salience of the face that is indexed in the LPC. An additional condition in 589 which the faces were manipulated to be unpleasant or highly unattractive 590 would serve as confirmation of this hypothesis. Indeed, there is evidence that 591 facial deformities in infant faces, such as cleft lip, negatively impact upon their 592 incentive salience (Parsons et al., 2011b) . 593 594 Finally, we investigated potential sex differences in responses to the aesthetic 595 appearance of adult and infant faces. Consistent with previous findings, 596 (Proverbio et al., 2006b (Proverbio et al., , 2010a (Proverbio et al., , 2011b , women tended to show increased left 597
hemisphere activity compared to men early during processing (as indicated by 598 a right hemisphere bias in men that was absent in women). Interestingly, this 599 was most prominent for the processing of opposite-and same-sex faces and 600
was not apparent for infant faces. Additionally, we found this asymmetry in an 601 earlier ERP component (P1) than has previously been studied (N170; 602 increased LPC response to all stimuli types, relative to men, although this 616 difference did not reach statistical significance at all time windows. However, 617 this pattern is consistent with work demonstrating that women show increased 618 responsivity to social stimuli, generally (Proverbio et al., 2008) . Overall, our results demonstrate a preferential response to infant faces in 637 early and late processing stages that is independent of the aesthetic quality of 638 the face or observer sex, providing additional evidence for a "baby specific" 639 neural response (e.g., Kringelbach et al., 2008) . This "baby specific" neural 640 response may serve an adaptive function -because human infants are highly 641 dependent on caregivers for survival, increased attentional processing of 642 infant stimuli may help to orient adults towards infants. Indeed, previous 643 research has provided evidence for heightened biological sensitivity to infants 644 28 in mothers (Bornstein et al., 2013) , and here we extend this finding to show a 645 similar heightened processing in nulliparous individuals. Given the prevalence 646 of alloparental care in modern society, it would be potentially beneficial for 647 parents and non-parents alike to show increased attentional processing of 648 infant cues. 
